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the	 relationships	 among	physicochemical	 parameters,	 FIB	 concentrations,	 and	 the	
presence	of	H pylori	DNA	in	raw	and	drinking	water	from	Bogotá,	Colombia.













tion with H pylori.







take	 necessary	 action	 if	 required.	 However,	 outbreaks	 of	 water‐
borne	disease	can	appear	as	a	result	of	the	entrance	of	pathogens	
into distribution systems.2
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Thus,	 the	 drinking	 water	 may	 contain	 at	 least	 small	 amounts	
of	 some	 contaminants.	 For	 these	 reasons,	 in	 2016	 the	 US	
Environmental	 Protection	 (EPA)	 published	 the	 final	 Contaminant	
Candidate	List	4	(CCL	4),	which	includes	97	chemicals	and	12	micro‐
bial	contaminants	(Adenovirus,	Caliciviruses,	Enterovirus,	Hepatitis	
A	virus,	Campylobacter jejuni, Escherichia coli (0157),	Helicobacter py‐
lori, Legionella pnuemophila, Micobacterium avium, Salmonella enter‐
ica, Shiguella sonnei, and Naegleria fowleri).	These	contaminants	are	
significant	 pathogens	 for	 public	 health	 due	 to	 its	 association	with	
multiple diseases.3
Among	 these	contaminants,	H pylori is a microorganism that in‐






eral adult population.9 H pylori	is	recognized	as	the	causative	agent	of	
chronic	gastritis,	peptic,	and	duodenal	ulcers,	and	the	etiologic	agent	
in gastric cancers4,6,10	and,	 in	1994,	 the	World	Health	Organization	
International	Agency	for	Research	on	Cancer	designated	H pylori as a 
Class	I	carcinogen	and	issued	a	gastric	cancer	warning.11






unable to grown on agar plates by using conventional culture meth‐
ods.13	VBNC	cells	 retain	membrane	 integrity,	 and	 contain	 undam‐
aged	genetic	 information.	These	forms	have	been	suggested	to	be	
the way in which H pylori survives in environment.14
Although	the	form	of	transmission	of	the	H pylori has not been 
precisely	 defined,	 and	 the	 oral‐oral	 or	 oral–fecal	 routes	 are	 pro‐
posed,	the	role	of	the	presence	of	viable	coccoid	but	nonculturable	
forms	in	the	environment	is	not	yet	understood.9,15	While	it	has	not	
been demonstrated that H pylori can be transmitted through drink‐
ing	water,	there	is	increasing	interest	in	knowing	how	the	presence	
of	this	contaminant	can	influence	water	quality	and	whether	or	not	
it	may	have	an	impact	on	public	health.	Especially,	because	H pylori is 
a	frequent	colonizer	of	the	human	stomach.
The	presence	of	H pylori	DNA	in	drinking	water,	surface	water,	




Recently,	 different	 independent	 studies	 have	 isolated	 and	 cul‐




quantitative	 real‐time	polymerase	chain	 reaction	 (qPCR),	and	 fluo‐
rescent in situ hybridization.17,21‐25
Detecting	a	waterborne	pathogen	 is	difficult,	and	 thus,	 stan‐
dard methods are directed to detect nonpathogenic organisms 




nonpathogenic	 organisms,	 abundant	 in	 human	 and	 animal	 feces	
where	pathogenic	organisms	can	be	found.26	Fecal	indicator	bac‐
teria	 presence	 is	 usually	 associated	with	 agricultural	 operations,	
cattle	management,	or	human	habitation.	Determination	of	FIB	is,	
at	the	moment,	the	most	used	method	to	predict	the	presence	of	
pathogens in water resources and drinking water9 but these in‐
dicator organisms are only weakly associated with the presence 
of	 some	 pathogens.27,28	 Moreover,	 measurements	 of	 fecal	 indi‐
cator organisms in water can be highly variable.29	 Traditionally,	
culture	techniques	have	been	commonly	used	to	enumerate	E coli 
and	total	coliforms	in	raw	and	drinking	water.30,31	However,	some	
authors	have	pointed	out	 that	 some	pathogens,	 such	as	H pylori,	
can be able to survive when these indicators are inactivated.5,32,33 
Thus,	the	enumeration	of	coliform	bacteria	as	indicators	of	drink‐
ing	water	 quality	may	not	 correlate	 accurately	with	 the	 risk	 this	
water possesses to consumers.27,32,34	There	are	 few	studies	 that	
look	 for	 indicator	 microorganisms	 different	 from	 the	 traditional	
ones	to	monitor	water	quality.
Consequently,	pathogens	as	H pylori are not directly monitored 
in	 water.	 However,	 a	 predictive	 value	 of	 water	 quality	 indicators	
with	regard	to	the	presence	of	pathogens	has	not	been	established	
or	quantified	and,	the	correlation	has	not	been	estimated	between	
them.	 In	addition,	given	of	 the	difficulty	of	determining	H pylori in 
raw	 and	 drinking	water,	 it	 was	 suggested	 that	 the	 variations	 pre‐






in	 raw	water	 and	 drinking	water	 from	Bogotá	 city,	 Colombia,	 due	
to	the	absence	of	information	related	to	this	issue.	A	specific	aim	of	
this study was to determine whether a numerical correlation could 
be	found	between	counts	of	FIB	(total	coliforms,	E coli, and spores 
of	sulfite‐reducing	Clostridia)	and	physicochemical	parameters	(pH,	
turbidity,	conductivity,	and	residual	free	chlorine)	in	raw	and	drink‐






and	 biological	 quality	 of	 raw	 and	 drinking	water	were	 carried	 out	
using standard methodologies.35
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concentration	of	 fecal	 contamination,	 and	which	 it	 is	 subjected	 to	
a	 disinfection	 treatment	with	 chlorine,	 and	 after	 is	 distributing	 as	
drinking	 water	 to	 Bogotá	 city,	 Colombia.	 Drinking	 water	 samples	
were	collected	from	three	different	points	of	the	same	city.
For	 H pylori	 detection	 in	 drinking	 water	 samples,	 the	 “Moore	





fite‐reducing	 Clostridia	 (SSRC)	were	 taken	 following	 the	 Standard	
Methods	9006	A‐3	protocol.35	Briefly,	for	the	analysis	of	total	coli‐
forms	and	E coli	from	raw	water,	200	mL	was	sampled	into	300	mL	
sterile	 bottles.	 From	 drinking	 water,	 700	mL	 was	 collected	 into	
1	L	 sterile	 bottles.	 For	 the	 analysis	 of	 spores	 of	 sulfite‐reducing	
Clostridia,	500	mL	was	sampled	from	both,	raw	and	drinking	water,	
and	held	in	anaerobic	conditions	until	processing.	All	raw	and	drink‐
ing	 water	 samples	 were	 held	 at	 4°C	 and	 processed	 within	 a	 few	
hours.
2.2 | Culture conditions and bacterial strain
The	 reference	 strains	 E coli	 ATCC	 25992	 and	 Salmonella enterica 
subsp	 enterica	 serovar	 Entiritidis	 13076	 ATCC	 were	 cultured	 in	
Nutrient	Agar	(Merk,	Germany)	and	incubated	under	aerobic	condi‐











For	 the	 drinking	 water	 samples,	 the	 swab	 was	 transferred	 to	
200	mL	of	Brucella	Broth	 (Becton	Dickinson	BBLTM,	USA)	 supple‐
mented	(BBS)	with	0.4%	Isovitalex	(Becton	Dickinson	BBLTM,	USA)	





Both,	 raw	 and	 drinking	 PBS	 suspension	 samples	 were	 con‐
centrated	 by	 immunomagnetic	 separation	 (IMS)	 according	 to	
Enroth	 and	 Engstrand.37	 The	 bead‐bacterium	 aggregates	 were	







amplify	 a	 372	bp	 fragment	 of	 the	 vacA	 gene	 (VacF:	 5 ‐́GGC	 ACA	
CTG	GAT	TTG	TGG	CA‐	3´	y	vacR:	5 ‐́CGC	TCG	CTT	GAT	TGG	ACA	
GA‐	3´).38	For	qPCR	analysis,	the	final	reaction	volume	of	20	µL	con‐
tained 2 μL	 of	 Light‐Cycler®	 FastStart	DNA	 SYBR	Green	 I	 (Roche	







denaturation	 step	 at	 95°C	 for	 10	minutes	 followed	by	40	 cycles	
of:	95°C	for	10	seconds,	62°C	for	5	seconds,	and	72°C	for	16	sec‐
onds;	 and	 finally,	 one	 cycle	 at	 72°C	 for	 15	seconds	 and	 one	 at	
40°C	 for	 30	seconds.16	 All	 raw	 and	 drinking	 water	 samples	 and	
controls	were	run	in	duplicate.	A	standard	curve	was	constructed	









(BIO‐RAD,	 USA).	 100	bp	 Plus	 DNA	 ladder	 (InvitrogenTM	 by	 Life	
TechnologiesTM,	USA)	was	used	as	a	molecular	weight	marker.
The	homology	between	the	amplified	sequences	and	the	corre‐





2.4 | Detection and enumeration of fecal 
indicator bacteria
The	 FIB	monitored	 in	 both	 raw	 and	 drinking	water	 samples	were	
E coli,	 total	 coliforms,	 and	 spores	 of	 sulfite‐reducing	 Clostridia.	
For	the	enumeration	of	E coli	and	total	coliforms,	membrane	filtra‐
tion	 ISO	 9308‐1:2014	method41	 was	 used.	 Briefly,	 the	 raw	water	
samples	 were	 serial	 10‐fold	 diluted	 (10−1‐10−4),	 and	 subsequently,	
all	 the	 dilutions	 were	 filtered.	 One	 hundred	 mL	 of	 each	 drinking	
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water	 sample	 was	 directly	 filtered.	 Then,	 the	 filters	 were	 put	 on	




heated	 a	 75°C	 for	 15	minutes.	 Afterward,	 the	 raw	water	 samples	
were	serial	10‐fold	diluted	(10−1‐10−4)	and	all	the	dilutions	were	fil‐
tered.	Aliquots	 of	 100	mL	 of	 the	 drinking	water	 samples	were	 di‐







obtained	 from	 the	 diary	 routine	 control	 of	 both	 raw	 and	 drinking	
water	 samples,	 by	 using	 the	 Standard	 Methods	 protocols.35 pH 
and	 conductivity	 were	 measured	 by	 electrometric	 method	 (SM	
4500‐H‐B	 and	 SM	 2510‐B,	 respectively).	 Turbidity	was	measured	
by	nephelometric	method	 (SM	2130‐B),	and	 in	 the	drinking	water,	
the	free	residual	chlorine	was	measured	by	the	Ferrous	Titrimetric	
method–DPD	(SM	4500‐CL‐F).
2.6 | Statistical analysis of the data
All	statistical	analyses	were	conducted	in	IBM	SPSS	Statistics	soft‐











relation	coefficient	were	used.	For	all	the	analysis,	H pylori was used 
as	independent	variable	and	the	fecal	indicator	bacteria	and	physico‐
chemical parameters were used as dependent variables.
3  | RESULTS




(Figure	1A,	B).	From	July	to	December	(2015)	H pylori was detected 
in	 all	 samples	 from	both,	 raw	 and	drinking	water.	Among	 the	 raw	
water	samples	collected	 in	2016,	H pylori	DNA	was	detected	 in	all	




positive	 samples,	with	 concentrations	 ranging	between	1.28	×	101 









3.2 | Fecal indicator bacteria in raw and 
drinking water
Throughout	 the	sampling	period,	FIB	were	detected	 in	all	 the	 raw	
water	 samples.	 Total	 coliforms	 were	 present	 in	 a	 range	 between	
2.4	×	101	 and	 5.7	×	104	 CFU/100	mL;	 E coli between 2.0 and 




to	August	2016.	0,	Absence	of	H pylori;	1,	Presence	of	H pylori 
0: Absence of H. pylori, 1: Presence of H. pylori.














































































































3.3 | Physicochemical parameters in raw and 
drinking water
The	 raw	 water	 quality	 parameters	 were	 those	 permitted	 by	
Colombian	regulations	for	raw	water	samples	to	be	used	as	a	source	
of	 water	 for	 drinking	 water.	 The	 drinking	 water	 analyzed	 param‐
eters	 were	 those	 required	 by	 Colombian	 regulations	 regarding	
water	 suitable	 for	 human	 consumption	 (Table	 1;	 Table	 2,	 respec‐




3.4 | Associations among fecal indicator bacterial, 
physicochemical parameters, and H pylori in raw and 
drinking water
Statistical	analysis	of	the	results	for	raw	water	did	not	show	a	sig‐
nificant	 association	 among	 fecal	 indicator	 bacteria	 concentration,	
pH,	and	the	presence/absence	of	H pylori	DNA.	We	found	a	nega‐
tive	 association,	 but	 not	 statistically	 significant,	 among	 turbidity,	








cal and microorganisms contaminants that are known to be present 
in drinking water systems and are suspected to pose public health 
risk.3,47	However,	data	available	on	the	presence	of	H pylori and the 
type	of	 the	water	 treatment	 in	drinking	water	are	 limited.	Thus,	 a	
quantitative	 microbial	 risk	 assessment	 (QMRA)	 has	 not	 yet	 been	

















































































































 N Range Median Mean
H pylori genome  
units/mL
155 1.28	×	101‐4.69	×	102 7.5	×	101 7.99	×	101
Turbidity	(NUT) 155 1.5‐47.1 7.1 7.6
Conductivity	(µS/cm) 155 8.1‐110 41 41.6
pH 155 6.1‐7.26 6.8 6.69
Total	coliforms	
(CFU/100	mL)
155 2.4	×	101‐5.7	×	104 4.48	×	102 7.55	×	102




155 1.0‐5.5	×	103 5.1	×	101 3.91	×	101
µS/cm,	micro	Siemens/centimeter;	CFU/mL,	colony	forming	unit/milliliter;	N,	samples	number;	NUT,	
nephelometric unit turbidity.
TA B L E  1  Characteristics	of	raw	water	
samples	from	July	2015	to	August	2016
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carried	out	for	H pylori in the water48 and H pylori remains as a candi‐
date	while	a	standardized	method	for	its	detection	and	identification	
in environmental samples is implemented.
Multiple	studies	have	confirmed	the	occurrence	of	H pylori in en‐
vironmental and drinking waters around the world.5,16,17,49	Lu	et	al21 
cultured H pylori	 from	a	sample	from	a	canal	along	the	US/Mexico	
border that was heavily contaminated with untreated raw sewage. 
Vesga	 et	 al17	 also	 successfully	 cultured	H pylori	 from	 influent	 and	
effluent	water	samples	from	drinking	water	treatment	plants	from	





total	coliforms	or	E coli.50‐53	Thus,	the	presence	of	H pylori in water 
may	not	be	accurately	assessed	by	the	use	of	traditional	fecal	indica‐
tor bacterial detection methods.





During	 the	 sampling	 period	 (July	 2015	 to	 August	 2016),	 31%	
(30/155)	of	the	raw	water	samples	and	38.7%	(48/155)	of	the	drink‐









Although	the	presence	of	DNA	 in	a	sample	 is	not	 indicative	of	
the	presence	of	viable	cells,	we	considered	that	detection	of	H py‐




under adverse environmental circumstances H pylori cells enter in a 






between water contamination indicators and pathogens. Clostridium 
sp has	been	proposed	as	an	indicator	of	the	presence	of	Giardia cysts 
and Cryptosporidium	 oocysts	 in	 environmental	 samples,	 due	 to	 the	
formation	of	spores	that	would	have	a	similar	resistance	structures	
as these parasites.57‐59 It has been previously suggested that H pylori 
survives	in	the	environment	in	a	viable	but	nonculturable	form.60,61 
Considering	that	this	forms	could	be	more	resistant	than	culturable	
cells in environmental samples and that their behavior may vary in 
 N Range Median Mean
H pylori genome units/
reaction
155 5.77‐2.12	×	103 3.73	×	101 4.05	×	101
Turbidity	(NUT) 155 0.1‐1.3 0.24 0.26
Conductivity	(µS/cm) 155 34‐150 68.3 73.1
pH 155 6.39‐7.95 6.77 6.83
Free	chlorine	residual	(FAC)	
(mg/L)
155 0.79‐2.0 1.66 1.59
Total	coliforms	
(CFU/100	mL)
155 <1*  <1*  <1* 
E coli	(CFU/100	mL) 155 <1*  <1*  <1* 
Spores	of	sulfite‐reducing	
Clostridia	(CFU/100	mL)




TA B L E  2  Characteristics	of	drinking	
water	samples	from	July	2015	to	August	
2016
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relation	 to	 traditional	 indicators	 of	 fecal	 contamination	 (total	 coli‐
forms	and	E coli),	in	this	study	the	presence	of	the	spores	of	sulfite‐re‐
ducing	Clostridia	was	evaluated	as	a	possible	indicator	of	the	presence	
and	or	absence	of	H pylori in raw and drinking water. In raw water 
samples,	the	concentration	of	the	spores	of	sulfite‐reducing	Clostridia 
was	found	to	range	between	1.0	and	5.5	×	103	CFU/100	mL,	and	in	
drinking water samples they were not detected. Statistical analysis 
showed that there is no direct relationship between the detection 
of	spores	of	sulfite‐reducing	Clostridia	and	the	presence/absence	of	
H pylori	 in	both,	raw	or	drinking	water.	This	suggests	that	the	pres‐
ence	of	H pylori in water samples cannot be evaluated by detecting 
the	spores	of	sulfite‐reducing	Clostridia and those variations that may 
occur in the concentration cannot be taken as indicative to suppose 
the	presence	or	absence	of	H pylori in raw or drinking water.
Colombian	regulations	(Decree	1594,	1984)62 stipulate minimum 
physical,	 chemical,	 and	 microbiological	 requirements	 of	 water	 to	
consider	 it	 as	drinking	water.	 In	our	 study,	we	 found	 that	 the	val‐
ues	of	the	average	concentration	of	total	coliforms	in	the	raw	water	
samples	 evaluated	 are	within	 the	maximum	 values	 allowed	 (maxi‐
mum	value	2	×	104	CFU/100	mL).
Quantification	of	fecal	indicator	bacteria	in	all	the	drinking	water	
samples	 complied	 the	values	established	 in	 the	 resolution	2115,46 





suggests	that	the	presence	of	H pylori in water cannot be evaluated 
by	 detecting	 the	 fecal	 indicator	 bacteria	 and	 variations	 that	 may	
occur	in	the	concentration	of	total	coliforms	or	E coli cannot be taken 
as	indicative	for	assuming	the	presence	or	absence	of	H pylori in the 
raw or drinking water.
There	are	limited	data	on	the	association	of	the	fecal	indicators	
bacteria	and	the	presence	of	H pylori in	water.	Braganca	et	al63 and 
Baker	&	Hegarty,50	in	their	work	with	biofilms,	showed	that	H pylori 
was more resistant to chlorination than E coli. Hegarty et al64 were 
TA B L E  3  Statistical	data	showing	the	relationship	of	fecal	indicator	bacteria,	turbidity,	pH,	and	conductivity,	with	the	presence/absence	
of	Helicobacter pylori in raw water
Parameter
Tau‐b Kendall correlation coefficient Spearman correlation coefficient
Tau‐b Kendall correlation 
coefficient Sig. (bilateral) N
Spearman correlation 
coefficient Sig. (bilateral) N
H pylori
Turbidity −0.115 0.083 155 −0.140 0.083 155
Conductivity −0.085 0.203 155 −0.103 0.204 155
pH 0.004 0.952 155 0.005 0.952 155
Total	coliform −0.088 0.182 155 −0.107 0.183 155
E coli −0.096 0.154 155 −0.115 0.154 155
Spores	of	sulfite‐reduc‐
ing	Clostridia
−0.047 −0.047 155 −0.057 0.479 155
N,	samples	number.
TA B L E  4  Statistical	data	showing	the	relationship	of	fecal	indicator	bacteria,	turbidity,	pH,	conductivity,	and	free	available	chlorine	
residual,	with	the	presence/absence	of	Helicobacter pylori in drinking water
Parameter
Tau‐b Kendall correlation coefficient Spearman correlation coefficient
Tau‐b Kendall correlation 
coefficient Sig. (bilateral) N
Spearman correlation 
coefficient Sig. (bilateral) N
H pylori
Turbidity −0.005 0.937 155 −0.006 0.937 155
Conductivity 0.015 0.820 155 0.018 0.821 155
pH 0.048 0.466 155 0.059 0.468 155
Free	Chlorine	residual	
(FAC)
−0.082 0.215 155 −0.100 0.216 155
Total	coliform 0.0 0.0 155 0.0 0.0 155
E coli 0.0 0.0 155 0.0 0.0 155
Spores	of	sulfite‐reduc‐
ing	Clostridia
0.0 0.0 155 0.0 0.0 155
N,	samples	number.
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the	first	to	evaluate	the	relationship	of	the	presence	of	H pylori and 
E coli	in	waters.	They	did	not	find	any	correlation	between	the	pres‐











H pylori in the raw or drinking water.








els in which H pylori	is	found	and	the	possible	effects	that	its	pres‐
ence in drinking water may have on public health.
5  | CONCLUSIONS
To	our	knowledge,	this	is	the	first	long‐time	sampling	study	of	raw	
water and drinking water contamination with H pylori	 in	 Bogotá,	
Colombia.	During	1‐year	sampling	period,	we	detected	H pylori	DNA	
in	31%	of	the	raw	water	samples	and	38.7%	of	the	drinking	water	
samples,	using	qPCR,	which	 suggests	 that	 there	 is	 continued	con‐
tamination	of	the	raw	water	with	H pylori.
While	H pylori was	 often	 found	 in	 samples	 containing	 FIB,	 the	
presence	and	abundance	of	FIB	was	not	predictive	of	H pylori	DNA	
present	or	absence.	Furthermore,	we	found	no	significant	relation‐
ship between physicochemical parameters and H pylori presence in 
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